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DEFINITION

It is & neans of forecasting research and development and engineer-
ing services cost and direct manhours. More precisely, it is a computer
application employing mathematical methods of calculating various cost
and TMH relationships and behavior trends; autamatically selecting the
network that will produce the best calculated forecast based upon histor-
ical data.
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PURPOSE

Forerust to contractor'c estimated contract campletion date:

Cinllative IMH

Cimulative Dollars

In Relation to Time Periods

*Overrun/Underrun

*dollars/Mannours - provided -ontractor furnishes an estimate.

WHAT IT DOES .~ ..
EFFORT cost ./ PRODUCT
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PRODUCTS DERIVED

~;
CONTRACTOR'S NAME
MISSTIR SYSTEM
R&D
TOTAL
e -~
~ACTUAL-
DATE cosT MH $/IMH % CONTRACT VALLUE
1 QR 61 $ 1,631, 243, 6.71 -85
2 QR 61 4,654, s42, 8.58 2.44
3 QR 61 10,432, 1,043, 10.00 5.47
4 QR 61 17,4b5. 1,686, 10.35 9.1k
1 QR 62 25,769, 2,495. 10.33 13.51
2 QR & 36,%1. 3,7%0 9.80 19001
3 QR 62 49,150, b,792. 10.25 25,77
-FORECAST (ACE)-
3 QR 62 62,213, 6,067, 10.25 32,62
b QR 62 76,655. 7,476, 10,25 40.19
1 QR 63 92, Uy, 9,017. 10.25 48, U7
2 QR 63 109,551. 10,678. 10.25 STk
3 QR 63 127,952, 12,482, 10.25 67.
4 QR 63 147,625, 14,402, 10.25 T7.40
1 QR 64 158,550, 16, bhii, 10.25 88.38
Contract Dollar Value $19C.7J7
Underrun $22,157. beginning 1 QR 64

In sddition to this report for "Total", the same product can be run
for manufacturing, tooling, and engineering, provided the following
criteria is adhered to: Direct manhour input is in relation to dollar
input for a specific, consistent time period, e.g., total DMH for
1QNS1, total dollars for IQR61. Additional data input requirements:
(1) Contractor's estimated completion date; (2) Total coatract value.




CONCEPT

The concept of ACE evolves from the theory there are significant
linear and logarithmic reletionships of; direct manhours, dollars and
time. A graphic portrayal it the chart shown:

DMH DMH

TIME COST

COST COSsT

TIME DMH
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FUNCTIONAL DEFINITIONS

1. Time = Siccessive numeri: values ascigned to each unit (or incremental
period) from a specific starting point to a specific ending
point; e.g. 3QR60=1, 4 QRO6032, 1QR6133.

2. Cost ® The dollar experditure for each expression of time,

3. IMH = The direct manhour expenditure for each expression o“ time.

L, & s The initiel value of dollrrs, direct manhours expeaded in the

first time period, (Intercept).

5. B s The ratio between dollars, DME, and successive time periods,
(Slope).
LINEAR LOGARITHMIC
A} 8 Time-Cost Initial Value A2 = Time-Cost Initial Value
Bl ® Time-Cost Ratio B2 s Time-Cost Ratio
A3 ® Time-IMi Initial Value Ah ¢ Time-IMH Initial Value
B3 ® Time-IMH Ratio By, s Tine-IMH Ratio
A5 8 [MH-Cost Initial Value Ao * IMi-Cost Initial Value
Bg = DMH-Cost Ratio Be = MH-Cost Ratio
A7 8 Cost-IMH Initial Value A8 ® Cost-IMNH Initial Value
By ® Cost-DMH Ratlo Bg = Cost-IMH Ratio
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MATHEMATICAL RELATIONSHIPS

ZosT
21 = Al 4 Time » Bl
Cr o= A2 - (Time)BR
(D1} » &3 Timg o3
03 = A% 4 (i) - BS (Time = Any Time Period Specified,
Most Commonly Scme Future
(pz) = AL« (Time)™* Time Period)
ch 2 A5 4 (D2) + BS

(D2) = Ak * (Time)B¥

(lil) = A3 ¥ Time - B3
C6 = A6 * (DL)B6

DMH DMH DMH DMH




MATHEMATICAL RELATIONSHIPS (CONTINUED)
DIRECT MANHOURS

D1 = A3 4 Time + B3
D2 = Al + (Time)

(C1)_= Al + (Time) * Bl
D3 = AT + (C1) - BT

(c2) = A2 + (Time)B2
D =A7+(C‘2) ' BT

(c2) = A2 * (Time)B2
D5 = A8 - (c2)B8

(C1) = AL 4 (Time) * Bl

D6 = A8 -»(cl)]’8

DMH

CUST COST COST COST

4 Logarithmic

1o




GENERALIZED SCHEMATIC

r’;;ad - X Input Points

i

N=3

Y
M=N+1

Calculate Al - A, And
B1 - B8 For "N" Points

e Y

1.

. st
Calculate C] - C6 and D] - D6 for the "M th point.

Compare C1 - C6 and D] - D6 to the "M"th point of actual cost and
DMH data to determine the "C" equation and "D" equation which gives
the best projection for the "M"th point.

MaM4$l No 1ISM =X
1 Yes

N-N411|< No 1S N = X-1
‘ Yes

Calculate final A; - Ag and B - Bg
Using all Actual Points

A

Apply the "C" equation and "D" equation that was selected the
greater number of times in sequential calculation of "C's" and
"D's" to produce the final forecast.

Print Actual Data
and Forecast Data

11




DATA PROCESSING EXAMPLE

Time Period Time  Cost DMH
tussdnsssnnsnenaney
1QR 61 1 1,63 234
2 QR 61 2 4,654 542
3 QR 61 3 10,k32 1,043
bk QR 61 L 17,45 1,686
1 QR 62 5 25,760 2,k95
2 QR 62 6 36,261 3,700
3 QR 62 7 49,150 4,792
W

Calculate A - Aa and 31 - 38
for First Three Points

12
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1. Calculate C) - Cg and D; - Dy for the Fourth
point of actual cost and DMH Data.

Compare C) - Cg and Dy - Dg to the Fourth
point of actual cost and IMH data to determine
the "C" equation and "D" equation which gives
the best projection for the fourth point.

2,

M=M4+l
M=h$izs

1. Calculate Cy - Cg and D; - Dg for the Fifth
point of actual cost and DMH data.

Compare Cy - C; and D; - Dy to the Fifth
point of actual cost and DMH data to determine
the "C" equation and "D" equation which gives

the best projection for the fifth point.
| N—

2.

Calculate C; - C6 and D) - D» for tanc Sixth
point of a:tual cost and DM{ data.

Compare Cy - Co and D) - Dp to the Sixtn
point of actual cost and IMH data to dptermine
the "C" equation and "D" equation whicn ;lves
the best projeztion for thc sixth point.

2.

Calculawe C) - C, and Dy - Dg for the Seventh
point of actual cost and DM{ data.

Compare C; - C, and D; - Do to the Seventh
point of a.ctua(f zost ana DM{ data to determjine
the 0" equation and "D’ equation wnich gives
the best projection for tne seventh point.

2.

13

Cost = 17,445 Mg = 1,636
G ® 14,8%%_ D, = 1,443
Cr = 16, ,5 ‘ D2 s 1 488
" 0533—1&‘86"- &y by 1,439
= 15,380 Dy s 1,583
Cg = l6,h77 [% s ],
Cg = 15,839 Dg = 1,369

D=1
c2 = 2’5,1,27'] De = 2,010
{03 . 1y, D3 = 1,856
Cy = 21,218 o, = 2,274]
Cy » 24,126 D5 = 2,014

Cost ® 25!7_6_2
Cy = 19,5

KE

Co s 21,901

Cg = 32,945
Co = 28,345

3
Cy = 3“1113
Cs5 » k2,873
C6 * 35,116




2.

1.

2.

1.

2.

Calculate A) - Ag and By - Bg for
first Four points.

Calculate C; - Cg end Dy - Dg for the

IMH = 00
sixth point of actual cost and INH D1 = 2,672
data. D2 * 2,907
Compare C; - Cg and D} - Dg to the D3 = 2,670
sixth point of actual cost and DM m
data to determine the "C" equation D> = 2,923

"Calculate C1 - Cg and Dy - Dg for the

data to determine the "C" equation and

Calculate C; -~ Cg and Dy - Dg for
the fifth point of actual cost and
DMl dats.

Compare C; ~ C4 and D; - Dg to the pe80008
fifth point of actual cost and DMH
data to determine the "C" equation
and the "D" equation which gives the
best projection for the fifth point.

&=

[
C3 =

Cy = 23,606
Cs = 25,280
C6 = 24,106

Cost = ggﬂzg IMH = 2,'&%2
c1 2 »
)
22,250

-
H?_l—‘

-
e
o

RS
.

and the "D" equation which gives the
best projection for the sixth point.

D6 = 2,860

seventh point of actual cost and DMH
ta.

Conp‘rec)_-%nndbl %totho

seventh point of actual cost and DMH

the "D" equation which gives the best
projection for the seventh point.

14
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Calcuiste &y -

~and D date.

point.

2. Compare C; - Cg
agventh point of actual cost and
DE data to dstermine the "C" equa-
tion and tho "D" equation which
‘gives the best proooction for the
seventh

Ag and By for
the first six poinu of act:gl data.

1. Calculate C; - Cg and
~ the seventh point of ac

and Dy

n5 ror

- Dg to the

16




Times "C" equation and "D" eugation
were selected

Cy = 0,|Ch » 10!, Ca=0,C, =0
CIIO:;61;,3 * b ’
8,93:0,1)1‘-10l,

-

using all seven points of actual data.

Calculate final A - Ag and B) - Bg ]

M
Forecast
Apply the basic "C" equation and "D" Date Cost L,
equation that was selected the greater L QR 62 62,213 6,06
number of times in sequential calcula- [wesees] 1 QR 63 76,655 7,47
tion of "C's" and "D's", to produce the 2QR 63 92,uk 9,017
final forecact. : 3 QR 63 109,551 10,6718
b QR 63 127,952 12,482
1 QR 6k 147,625 1b,k02
2 QR 64 168,550  16,klk
AR

17
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13442244 g
AL A A

: ~ s Wi &
o] SEEESES
P22

cosT

$ 1,631,
4,654,
10,432,
17,445,
25’769.
f’%lc
49,150.

62,213.
76,0655.
%, bk,
109,551,
127,952,
lh736_250
158,550,

ontract Dollar Value $190,707.
UInderrun $27,157. beginning 1 QR ok

If a comparison of previous
forecasts is desired, the
following output is available,

18
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$/mvH $ CONTRACT VALUE

6.71 85
8.58 2.4
10.00 547
10,35 9.1
10.32 13.51
9,80 19.01
10.25 25077

10.25 32.62
10.7% 40,19
10.25 8,47
10,25 57 i
10,25 o7.09
10.25 TT.40
10.25 88.38

Percent Variance of Previous

Forecast from Subsequent Actual

¥
5

Coat

e O
VI S O S5

IR{
P (V)
vl

s N

4~E)-

~
.
-

2+59
50(10

85 548

l‘o 12

[V |
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CHARACTERISTICS

# Generally, the best dollar forecast is obtained by using a IMH{-Time Base.
# Generally, the best IMH forecast is obtained by using a Dollar-Tirme Base.

# In many cases calculated forecast does not flatten out nearing tae
completion of a contract, as does the actual cost or DMH.

# Trend values are adversely affected by erratic data - especially by
negative input points.

RELIABILITY

DMH 2% ERROR

GENERALLY
3-5% ERROR

The confidence level expressed here will be gradially impro.ad
a8 experience enables development of more sophisti-ated e inigues,
It has been proved that the present prodi-ts are nore valid than any
currently aveilstle. Predi-ated on the assumption that t:ie f.:urc
data behavior will generally follow tnrat of the actual, it ie
positive fact that ACE fore:asts will be extremely usef. in aaking

management decisions.

Improvements, refinements, and expansions are in developme:*,
and will be made available as rmapidly as possitle.

19
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CONTRACTOR
CONTRACT NUMRER
SYSTEM
FUNCTION

DATE
QR 61
QR 61
QR 61
UR 6)
QR 62
QR &2
GR 62
QR 42
QR 6%
QR 63
QR 63

WA s N o N

2 4 wrp.

TEEFAAN = E AN e AN
o o ,
x
o
w

, £CST
1,631,795,
by 654,091,

10,432,464,

17,445,311,

25,769,096,

36,261,000,

49,4 15G, 200.

62,278,000,

75,685, 000.

90,505,000,

108,227, 400.

126,613, 116,

146,267, 756,

16711?030]30:
. 189,302.136.'
212,647,683, .
237,189,853,
262,914,458,
289,809,387,
317, 860G, 199,

347,057,273,

377,387,809,

408,840,178,

Mul,407,879.
WT54CT8y 57U,

eoeeACTUALcuwe

DeM H.
0 263,259,
0 342,600,
1,043, 100,
1,686,100,
2+ 495,000,
3,700,000.
4y 792,800,
5,965,683,
7.257’é8‘6
8e713,017.
10,405,355,

e  FORECAST....

12,157,030.
14,029,536,

16,020,952

}8"29!52?;

204 353,652,

22,691,840,

259142,722,
274,705,009,

50)37Zf§051

33,159,083,
36,0u8,684,

39,045, 308,

h2.¥h?.000a'
) “53355'8590‘

$/0MH
6.71
8.58
10.00
10.35
10,33
9.80
20'25’
1044
10.43
16.38
10.40

10.41
10W.43
10.43
10 .44
10.45

10.45

10.46

*]D,RG‘

W0.u6
10.47

B 300“? .
“Qc“? -

10.47
1Wau?
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CONTRACTOR

CONTRACT NUMBER

FUNCTION

DATE
QR
QR
QR
QR
OR
QR
QR
QR
QR
QR

N owe AN o £ N e

61
61
o1
61
62
62
62
62
63
63

2 4 wiD.

W

QR

QR
Ty
QR
QR
QR
QR
QR
GR
R
G
QR
R
GR
QR

N - B AR s B NN

.

63
63
ou
o4
ou
54
65
65
65
65
66

b6

66
66
67

4
J

. *‘_}O

COST
19631,795.
4,654,091,
10,432,464,
17,445,311,
25,769,096,
36,261,000.
49,150,000.
62,278,000,

- 75,685,000,

90,405,000,

107,524,586,

- ‘0065

125,938, 198.
145,023,775,
1664560, 263.
188,730,389.
212,117,726,
236,704,487,
262,478,485,
289,425,495,
317,533, 356.
346,789,382,
377,183,798,
408,703,972.
bul,3ut,421,
U75,087,794.

-0
-0

2k

.O..ACTUAL....

CeMeHe
0 243,250
0 5u42,600.
1,043, 100.
1,686,100,
2,495,000,
3,700,000,
4,792,800.
5,965,683,
7,257,681,
8,713,017,

LN ) Q'FORECAST... L

10,342,024,

'0061

12,094, 164,
13,967,316,
15959,566.
18,069,167,
20,294,517,
22,634,133,
2590864647,
27,650,780,
30, 325,332,
33,109,185,
36,001,282,
39,000,621,
42,106,258,
45,317,297,

$ /OMH
6.71
8.58
10.00
10. 35
10.33
9.80
10.25
1044
10.43
10.38

10.490

10.41
10,43
10.44
1044
10.45
10.46
10.46
10.47
10.47
10,47
10.48
10.48
10.48
10.48




CONTRACTOR

CONTRACT NUMEER

SYSTEM
FUNCTION

DATE
QR 61
QR 61
QR 61
QR 61
QR 62
QR 62
QR 62
QR 62
QR 63

- NN s & WN -

2
2 QR 63
3 QR 63

QR 63
QR 64
QR 64
QR 64
QR 64
QR 65
QR 65
QR 65
QR 65
QR 66
QR 66
QR 66
QR 66
QR 67

—:uw—-&'wm-—&'uw—:

C 020
O 0 o

WiD.

0 ¢
21

COST
12,631,795,
byb54,091,

10,432,464,
17,445,311,
25,769,096,
364261,000.
49,150, 000.
62,278, 000.
75,685,000,

914625,906.

1.35

108,907, 820.

0. 63

127,506, 238.
147,399,590,
168,566, 387.
190,990, 454,
214,654,461,
239,5u3,706.
265,642, 104,
292,937,484,
321,418,539,
351,071,810,
381,886, 550.
413,852, 143,
446,960,137,
481,200,193,

1 0
0 0

...OACIUAL....

D.H.H.
0 243,250,
0 542,600,
19043, 100.
1,686,100,
2,495,000,
3,700,000.
4,792,800,
59965, 683,
T+257,681,

....FOREC‘ST----

B8+768,685.

0.64

10,406,800,

.01

124169, 704,
14,055,313,
16,061, Tuk,
18,187,279.
20,430,340,
22,789,466,
25,263,314,
27,850,617,
304550, 196.
33,360,948,
36,281,831,
39,311,854,
42,450,088,
459695,645.

$/0MH
6.71
8.58
10.00
10.35
10.33
9.80
10.25
1044
10.43

10.45
10.47

10.48
10.49
10.49
10.50
10.51
10.51
10.51
10.52
10.52
10.52
10.53
10.53
10.53
10.53
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CONTRACTOR

CONTRACT NUMBER

FUNCTION

DATE
QR 61
QR 61
QR 61
QR 61
QR 62
QR 62
QR 62
QR 62

FELN =T NN -

2 4 wTD.

1 QR 63
2 QR 63
3 QR 63

QR 63
QR 64
QR 64
QR 64
QR 64
QR 65
QR 65
QR 65
QR 65
QR 66
QR 66
QR 66
QR 66
QR 67

= NN E LN & WLWN =

Cc 015 ¢
O 0 0 O

1

¢ 0
5 O

1.40
1.97
1.28

....ACTUAL....
COoSsT DeMoHe,
19631,795, 0 243,250.
Uy 654,091, 0 542,600.
10,432, 464, 19043,100.
17,445,311, 1,686,100.
25,769,096, 2,495,000.
36,261,000. 3,700,000
49,150, 000. 4,792,800.
62,278,000, 51965, 683,
eeeeFORECASTecee

16,907,661, 7+359,550.

1.62
92,916,151, 8,884,788,

2.78
110,276,034, 10,538,782,

1.89
128,962,974, 124319,214,
148,955, 558. 14,224,001,
170,232, 349. 164251,261.
192,777,862. 18,399,279,
216,573,811, 20,666,476,
241,605,535, 23,051,393,
267,857,963, 259552,681,
295,318,740, 28,169,080,
323,975,935, 30,899,407,
353,816,173, 33,742,557,
384,830,720, 36,697,490,
417,007,978, 39,763,214,
450,337,495, 42,938,797,
484,811,946, 46,223,350,

0
0

$/DMH
6.71
8.58
10.00
10.35
10.33
9.80
10.25
10.44

10.45
10.46
10.46

10.47
10.47
10.48
10.48
10.48
10.48
10.48
10.48
10.48
10,49
10.49
10.49
10.49
10.49




CONTRACTOR
CONTRACT NUMEER
SYSTEM
FUNCTION

DATE
QR 61
4R 61
QR 61
QR 61
QR 62
QR 62
QR 62

BN & WA -

2 & wTD.

&

QR 62

-
D
b -
o
(¥}

-Lt|~hﬂ—-GIﬂﬁD—'&(th—'G' (V] N
0
b -
[
un

....ACIUAL..‘.
COosT CeMoids
1,631,795, 0 243,250,
byb654,091. 0 542,600,
'00“32.“6‘6. "0‘03' 100,
17,445,311, 1,686,100,
25,769,096, 2.“9590000
364261,000. 34700,000.
49,150,000, 4,7v92,800.
eeesfF IRECASTeeeeo
62,213,492, 69367,584,
~G.IO lo7'
769655, 565, Tol76,895,
1428 3.02
92,444,242, 9,017,612,
2¢26 $.50
109,551,587, 10,687,010,
1.22 e
127,952, 825, 12,482,670,
147,625,859, Ty 402,424,
168,550, 103, 16 4bk,3)3,
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